Class III obesity · Brain natriuretic peptide · Metabolic syndrome · Heart failure Summary Objective: Brain natriuretic peptide (BNP) has potent lipolytic action and, probably, a role in the biological mechanisms of obesity. Clinically, high levels are found in subjects with heart failure (HF). Low levels and inverse relation to BMI lead to questioning of its clinical utility in obese subjects, but heterogeneous results are found in severe obesity. Methods: In order to describe BNP behavior and its metabolic and cardiovascular determinants in class III obesity, we performed BNP measurement as well as clinical and echocardiographic evaluation of 89 subjects from two public hospitals in Brazil. Multivariate logistic ordinal regression with BNP tertiles as the dependent variable was performed. Results: Mean (± SD) age and BMI (± SD) was 44 ± 11.5 years and 53.2 ± 7.9 kg/m 2 , respectively. 72 (81%) participants were women, and 18 (20%) had HF. Median BNP was 9.5 pg/ml(Q1 4.9; Q3 21.2 pg/ml). 30% of BNP values were below the detection limit of the method. In multivariate analysis, left atrial volume (LAV) was the only determinant of BNP levels (p 0.002) with odds-ratio of 1.1 (95% CI 1.03-1.16). Conclusion: BNP levels are low in severe obesity, even in subjects with HF. LAV, which marks diastolic dysfunction, determines BNP levels, but not BMI and metabolic abnormalities.
Introduction
Brain natriuretic peptide (BNP) is a 32-amino-acid peptide member of the natriuretic peptides (NP) family, which is released by ventricular cardiomyocytes depending on pressure and volume conditions. Vasodilation, diuresis, natriuresis, and inhibition of the renin-angiotensin-aldosterone and the sympathetic nervous systems are among its hemodynamic actions [1] . It is widely used as a diagnostic and prognostic tool in patients with dyspnea, mainly for exclusion of heart failure (HF). Additionally, the presence of NP receptors in the adipose tissue and the lipolytic action of NP mediated by guanylyl-cyclase pathway have been demonstrated in the recent years, which allow speculations on their involvement in the biological mechanisms of obesity [2] .
The prevalence of class III obesity is increasing rapidly among adults [3] , and it is an independent risk factor for HF [4] . Unspecific abnormalities, such as dyspnea and edema are frequent in morbidly obese patients and may be related to mechanic, cardiovascular and pulmonary conditions [5] , but physical examination and echocardiogram have limitations in the severe obese population. Hence, BNP may be an important tool for identifying the cause of such abnormalities. In general population, BNP levels are determined not only by systolic and diastolic HF, but also by extracardiac factors such as age, sex, and renal function [6] . Studies with obese patients reveal inverse relation between BNP and BMI and lower BNP levels in lean subjects, even in those with HF [7] [8] [9] . Also metabolic abnormalities commonly found in obesity, such as hypertension, diabetes and hyperlipidemia, have been associated with low levels of NP, probably through NP interrelations with the renin-angiotensin-aldosterone and sympathetic nervous systems as well as with insulin, adiponectin and Beleigoli/Diniz/Nunes/Barbosa/Fernandes/ Abreu/Ribeiro inflammatory cytokines [10] . Hence, lower cut-points have been proposed to maintain diagnostic accuracy of BNP in the obese subjects [7] .
Contradictory data exist regarding the behavior of BNP in severely obese patients [11] [12] [13] . Also the factors that determine its serum level are not well studied. The aim of this study is to describe BNP behavior and investigate its metabolic and cardiovascular determinants in a class III obese population.
Patients and Methods

Study Design and Population
This cross-sectional study was performed from July 2008 to July 2009. Subjects were recruited from two obesity clinics in Belo Horizonte, Minas Gerais, Brazil (Clinical Hospital of the Universidade Federal de Minas Gerais and Center of Medical Specialties of Santa Casa de Misericórdia). The study was approved by the ethical committees of both institutions, and written informed consent was obtained from all participants.
To be eligible for the study, patients had to have BMI ≥ 40 kg/m 2 and no past history of bariatric surgery. Exclusion criteria were the presence of serum creatinine ≥2.0 mg/dl, and the inability to obtain technically adequate echocadiographic data due to body habitus.
BNP Measurement
Blood samples were collected into tubes containing potassium EDTA. BNP was measured using the Triage BNP Test (Biosite Inc., San Diego, CA, USA). The Triage BNP Test is a fluorescence immunoassay for the quantitative determination of BNP in whole blood and plasma specimens. Precision, analytic sensitivity, and stability characteristics of the system have been described previously [14] . The measurable range of the BNP assay is 5.0 to 1,300.0 pg/ml. BNP values were determined on site by use of the point-of care method with whole blood samples. The maximum interval between blood puncture and measure was 4 h.
Calculation of BMI
Patients were weighed in light clothing without shoes using a Welmy ® (capacity up to 300 kg) scale with an accuracy of 100 g. Height was measured with a stadiometer with accuracy of 0.5 cm. BMI was calculated using the conventional formula of weight in kilograms divided by the square of height in meters.
Data Collection and Definitions
Patients were evaluated according to a standard protocol, which included data from the present and past medical history, physical examination, and objective assessment of clinical signs and electrocardiograms. Blood pressure was evaluated using an appropriate sized cuff. At least a 30-min interval from caffeine or cigarette consumption was required before measurement. Glucose and lipids were collected following a 12-hour fasting recommendation. All patients had 12-lead ECG performed. Hypertension was diagnosed according to the 7th Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure [15] recommendations or according to history of antihypertensive medication use. Diabetes mellitus was diagnosed in case of two measures of fasting glucose ≥ 126 mg/dl or history of oral hypoglycemic agents or insulin use. Systolic HF was determined on the basis of the presence of symptoms (dyspnea or fatigue) and signs of fluid retention as well as left ventricular ejection fraction (LVEF) evaluated by echocardiogram below or equal to 50% [16] . The diagnosis of diastolic HF was non-invasive and based on the presence of symptoms or signs of HF and echocardiographic abnormalities according to the recommendations of the HF and echocardiography associations of the European Society of Cardiology [17] . Subjects with either systolic or diastolic HF were classified as HF.
Echocardiographic Evaluation
A comprehensive Doppler echocardiogram with color flow mapping and tissue Doppler imaging, was performed in all patients using a commercially available hardware and software (Vivid 7; GE Vingmed Ultrasound AS, Horten, Norway) with an electronic high-resolution transducer of variable frequency (4-12 MHz). All echocardiographic measurements were performed by two experienced physicians who were blinded to the other data of the patients.
Left ventricular (LV) measurements were obtained according to the American Society of Echocardiography standards, and the ejection fraction (EF) was calculated by the Teichholz method [18] . Diastolic function was assessed by pulsed Doppler of the mitral inflow and by tissue Doppler imaging (TDI) [19] . TDI at the medial and lateral border of the mitral annulus were obtained from the apical four-chamber view, and systolic velocity (S), early (e'), late (A') and the ratio between mitral E velocity and mean e' were calculated (E/E').
Left atrial volume (LAV) was assessed by the biplane area-length method from apical 4-and 2-chamber views. Measurements were obtained in end systole from the frame preceding mitral valve opening, and the volume was indexed to height [20] .
Doppler-derived strain and strain rates were obtained from the basal part of the six LV walls in three different apical views (septal and lateral walls at the apical 4-chamber view, inferior and anterior at the apical 2-chamber, and posterior and antero-septal at the 3-chamber apical). These measurements were also obtained for the right ventricle at its basal free wall in the apical 4-chamber view.
Statistical Analysis BNP and patient characteristics were described by median and interquartile ranges, or means and standard deviation (SD) for normal data. Frequency was calculated for categorical variables. Three groups were established on the basis of the BNP tertiles obtained from the population. Univariate analysis was performed by comparisons of clinical, laboratorial and echocardiographic characteristics among the groups, using 2 tests for categorical data and the Kruskal-Wallis test for continuous data. BNP values were also compared between the HF and non-HF groups using the Mann-Whitney U test.
We performed multivariable logistic ordinal regression, in order to study the determinants of BNP levels in the population. Proportionalodds model was chosen among the ordinal logistic regression models for being the most appropriate in dealing with continuous variables grouped into categories. Variables considered to be clinically relevant entered the logistic regression, independent of univariate analysis results. Those with statistical significance (p ≤ 0.25) in univariate analysis entered the model as well. Co-variables examined for inclusion in the multivariable model were: age, gender, heart rate, BMI, systolic arterial pressure, creatinine, LAV, left ventricular end-systolic diameter, deceleration time mitral inflow (DT), LVEF, left ventricular mass indexed to height 2.7 , E/E' (E' was the average of septal and lateral mitral annular early diastolic velocity), right ventricular strain and strain rate, and the average value of the strain and strain rate of the LV six basal walls. The ordinal logistic model was adjusted using backward criteria, and variables with p value ≤ 0.05 were individually retained in the model. Odds ratio (OR) was calculated for each co-variable, and a unique OR estimation was given for all compared categories based on the assumption of constant OR for all categories in this type of model. This assumption was tested by the parallel line test for each variable and for the final model. Model fitting was evaluated by Deviance test [21] .
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Brain Natriuretic Peptide Determinants in Class III Obesity 429 of 9.5 pg/ml (Q1 4.9 pg/ml; Q3 21.2 pg/ml). BNP values ranged from inferior to 5.0 pg/ml to 151.0 pg/ml. 30% of the observed values were below the inferior limit of detection of the method (5.0 pg/ml). Only 4% of the subjects had BNP levels above 100 pg/ml. Median BNP values were 9.1 (IQ 4.9-19.9) and 17.5 (IQ 5.1-27.3) pg/ml in the non-HF and HF group, respectively (p = 0.14).
Age (p = 0.11), heart rate (p = 0.03), BMI (p = 0.21), LAV (p = 0.01) and left ventricular strain rate (p = 0.12) were selected by univariate analysis. In multivariable analysis, LAV was the only variable retained in the model (p = 0.002). OR for LAV was 1.1 (95% CI 1.03-1.16), which means that a 1 ml/m increment in LAV increases the odds of having BNP levels in a superior category in 10%. In our sample, 37% of the male participants and 42% of female subjects had LA enlargement, when considering indexation to height and ref-
Results
101 class 3 obese patients were recruited. Twelve of them were excluded because of technically inadequate echocardiographic images. According to the BNP tertiles, three groups were established: BNP < 5.2 pg/ml, 5.2 ≤ BNP ≤ 17.1 pg/ml, BNP > 17.1 pg/ml. The first group consisted of 31, and the second and third groups of 29 subjects each. Mean (SD) age and BMI were 44 (11.5) years and 53.2 (7.9) kg/m 2 , respectively. Females (81%) were predominant. Hypertension was present in 70 (78%), dyspnea in 71 (80%), and HF in 18 (20%) of the participants. Patients' baseline clinical and laboratorial characteristics according to BNP group and overall are depicted in Self-reported history of acute coronary syndrome. e Self-reported history of pulmonary disease (asthma or chronic obstructive pulmonary disease). f Moderate to severe mitral regurgitation. Beleigoli/Diniz/Nunes/Barbosa/Fernandes/ Abreu/Ribeiro subjects reveals contradictory results [13] . Since physical examination and echocardiogram have limitations in the severely obese population, BNP may aid in the differential diagnosis of unspecific abnormalities, such as dyspnea and edema, which may be caused by mechanic, cardiovascular, and/or pulmonary conditions [5] . Moreover, since this population increases more importantly than any other class of obesity and the risk for HF more than doubles in the upper BMI categories [4] , the determination of BNP behavior is fundamental for its clinical use [3] . Findings of diminished NP levels in obese patients and inerence values of 35.7 ml/m for men and 33.7 ml/m for women [22] . The association between LAV and BNP groups is depicted in figure 1.
Discussion
The behavior of BNP levels in severely obese subjects is yet undefined. As verified by a recent review made by our group, BNP behavior and its correlation with BMI in class 3 obese function. During diastole, the LAV is directly exposed to pressures in the LV. Once these pressures are increased by decreased LV compliance or increased stiffness, LA pressure increases to maintain adequate filling. This leads to increased atrial wall tension, chamber dilatation, and stretching of the atrial myocardium. Diastolic dysfunction is a prevalent alteration in the myocardium of obese subjects [34] and LAV provides long-term view of chronic diastolic dysfunction, regardless of the loading conditions present at the time of the examination [35] . The present study has 15 participants (17%) with diastolic HF. However, it was not possible to demonstrate relation between BNP levels and Doppler and TDI assessment of instantaneous filling pressure, which reflect hemodynamic status in the short term [30] . Since our patients are ambulatory in origin and did not present with symptoms or signs of acute cardiac failure, it was not expected high LV filling pressures during examination. Poor concordance among echocardiography measures of diastolic function was also found by Petrie et al. [36] in their cohort study. This study has several limitations. First, diastolic HF cases may have been underestimated due to lack of echocardiographic data regarding the duration of reverse pulmonary vein atrial systole flow and duration of mitral valve atrial wave flow measures. These measures were not possible because of technical limitations related to the patients' body habitus. Secondly, it was not possible to perform sleep studies, and the effect of obstructive sleep apnea on BNP levels is unpredictable since studies addressing the correlation between NP levels and this prevalent condition in obese patients show conflicting results [37] . Finally, the relatively small number of participants with HF, especially with the systolic form, does not allow definitive conclusions about the behavior of BNP in obese patients with HF.
In conclusion, BNP levels are very low in severely obese patients and are not determined by BMI or metabolic risk factors. LAV is the only predictor of BNP in this population, which probably indicates that the peptide maintains its utility in detecting volume overload states and diastolic dysfunction associated with obesity, despite the low levels. Larger studies with HF subjects are required to investigate BNP utility in identifying this condition in class III obese patients.
